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(54) Power conversion system 

(57) A power conversion system always keeps a 
constant voltage level relative to the ground potential 
and shows an improved controllability for the noise com- 
pensation current. In the noise reduction circuit (8) of 
the system, a rectified DC voltage is applied to the pos- 
itive side output line (P1) and the negative side output 
line (N1). The DC voltage is divided by a pair of capaci- 
tors (Cp, Cn) connected in series with the intermediary 
point (11) held to the ground potential. Thus, the posi- 
tive side output line (P1) can always supply a positive 
voltage that is held to a constant level relative to the 
ground potential. Similarly, the negative side output line 
(N1) can always supply a negative voltage that is held to 
a constant level relative to the ground potential. Addi- 
tionally, as the transistors (Tr1. Tr2) are controlled for 
on/off operations by the amplifier (7), the noise compen- 
sation current (i) flows through the noise reduction cir- 
cuit (8) between the input grounding terminal of the full- 
wave rectifier (2) and the ground. 




CM 
< 

to 

CO 

CD 
CO 

o> 

O 

CL 
LU 



Primed by Xerox (UK) Business Services 
2.16.7/3.6 



EP0 986 165 A2 



Description 

[0001] This invention relates to a power conversion 
system comprising a noise reduction circuit adapted to 
flow a noise compensation current in order to cancel the 5 
leakage current when driving an electric motor at varia- 
ble speed. 

[0002] Electric motors have a wide variety of applica- 
tions including elevators, rolling mills and automobiles. 
They normally comprise a power converter to make the io 
electric motor adapted to supply power at a desired 
rate. Typical power converters comprise an inverter 
formed by arranging a plurality of switching devices 
such as GTOs (gate turn-off thyristors) and IGBTs 
(insulated gate bipolar transistors) both in series and in is 
parallel. The arrangement using an inverter will be 
described hereinafter as a typical arrangement for real- 
izing power converters. 

[0003] In recent years, electric motor drive systems 
using an inverter of the above identified type are draw- 20 
ing attention because of the problem of ground leakage 
current (to be referred to simple as leakage current 
hereinafter) that arises when each switching element of 
the system is used for high speed switching operations. 
[0004] FIG. 1 is a schematic circuit diagram of a power 25 
conversion system and its peripheral arrangement illus- 
trating this problem. In the drive system of this electric 
motor, a 3-phase AC voltage is applied to full -wave rec- 
tifier 2 from an AC power source. 

[0005] The full-wave rectifier 2 comprises diodes D1 30 
through D6 that are connected to show 3-phase bridge 
connection. The 3-phase AC voltage from the AC power 
source is transformed into a DC voltage, which is then 
supphed to inverter 3 through between positive side 
input line P and negative side input line N. Note that the 35 
full-wave rectifier 2 and the inverter 3 constitute a power 
converter. 

[0006] The inverter 3 comprises switching elements 
Qi through Q6 connected for 3-phase bridge connec- 
tion and applies a pulse-shaped (rectangular wave) volt- 40 
age with a limited width to each of the winding terminals 
of the electric motor 4 for three phases under the control 
of a gate drive circuit (not shown) that operates for PWM 
(pulse width modulation) control. Thus, the electric 
motor 4 is driven by the pulse-shaped voltage. 45 
[0007] However, the electric motor 4 has a floating 
capacitance C that appears between itself and the 
ground. Therefore, as each of the switching elements 
Qi through Q6 is turned on/off and a pulse-shaped volt- 
age is applied to the electric motor 4, a pulse-like volt- so 
age will be applied between the related terminal of the 
electric motor 4 and the ground. 

[0008] Then, a leakage current 11 that is a noise cur- 
rent flows to the ground through the floating capaci- 
tance C between each of the windings of the electric 55 
motor and the frame ground as a function of the rate-of- 
change of the voltage dv/dt. 

[0009] The leakage current 11 flows through each of 



2 

the grounding lines between the electric motor 4 and the 
grounding terminal of the AC power source 1 into or out 
of the latter depending on the polarity. The leakage cur- 
rent 11 can give rise to operation errors of the leakage 
breaker of the circuit and electric shocks to the operator. 
[001 0] In an attempt for avoiding problems due to such 
a leakage current 11 , the use of a noise reduction circuit 
as shown in FIG. 2 has been proposed for power con- 
verters. 

[0011] The noise reduction circuit comprises a leak- 
age current detector 5 for detecting the leakage current, 
if any, flowing from the supply line between the AC . 
power source 1 and the full-wave rectifier 2 and a noise 
reduction circuit 6 adapted to flow a noise compensa- 
tion current by making the stretch between positive side 
input line P and the ground or between the ground and 
the negative side input line N electrically conductive 
depending on the detected leakage current. 
[0012] The noise reduction circuit 6 comprises an 
amplifier 7, an npn-type transistor Tr1, a pnp-type tran- 
sistor Tr2 and a coupling capacitor C1. The transistors 
Tr1, Tr2 are required to show a high withstand voltage 
and operate at a high frequency to produce a high cur- 
rent amplifying effect. 

[0013] The leakage current detector 5 is typically a 
zero-phase current transformer CT having an annular 
core made of ferrite and adapted to equivalents detect 
the leakage current 11 flowing to the full-wave rectifier 2 
on the basis of the difference in the power source cur- 
rent and send a detection signal to the amplff ier 7. 
[001 4] Of the transistors Tr 1 , Tr2, the npn-type transis- 
tor Tr1 has its collector connected to the positive side 
input line P and its emitter connected to the emitter of 
the pnp-type transistor Tr2 and also to one of the oppo- 
site ends of the coupling capacitor C1 . The pnp-type 
transistor Tr2 has its collector connected to the negative 
side input line N. The other end of the coupling capaci- 
tor C1 is connected to the ground. 
[001 5] Thus, upon receiving an output signal from the 
amplifier 7 at the base, one of the transistors Trl , Tr2 
turns on the other, while the latter turns off the former so 
that either the positive side input line P or the negative 
side input line N will be grounded by way of the coupling 
capacitor C1 . 

[0016] For example, when the leakage current 11 flow- 
ing from the electric motor 4 to the grounding line of the 
AC power source 1 , the noise reduction circuit turns on 
only the pnp-type transistor Tr2. 

[0017] Then, the noise compensation current i flows 
into the closed circuit consisting of the diode D4, D5 or 
D6 of the full-wave rectifier 2 by way of the negative side 
input line N, the pnp-type transistor Tr2 and the coupling 
capacitor C1. 

[0018] Therefore, the leakage current 11 flowing into 
the grounding terminal of the AC power source 1 is can- 
celled by the noise compensation current i. 
[001 9] On the other hand, when the leakage current 11 
flowing from the grounding line of the AC power source 



2 



3 



EP 0 986 165 A2 



4 



1 to the electric motor 4, the noise reduction circuit turns 

on only the npn-type transistor Tr1 . 

[0020] Then, the noise compensation current i flows 

from the diode D1 , D2 or D3 of the full-wave rectifier 2 to 

the grounding line by way of the positive side input line 5 

P, the npn-type transistor Tr1 and the coupling capacitor 

CI. 

[0021] Therefore, the leakage current 11 flowing from 
the grounding line of the AC power source 1 to the elec- 
tric motor 4 is cancelled by the noise compensation cur- 10 
rent i. 

[0022] However, in the power converter having a con- 
figuration as described above, the positive side input 
line P of the full-wave rectifier 2 shows the ground 
potential when, for instance, the diodes D3 and D4 of 75 
the full -wave rectifier 2 are held in an electrically con- 
ductive state in the full-wave rectifier 2. 
[0023] Then, if the npn-type transistor Tr1 is turned on, 
no noise compensation current i flows from the noise 
reduction circuit and noise becomes uncontrollable 20 
because the positive side input line P and the ground 
show no potential difference. 

[0024] If, on the other hand, the devices D6 and D1 of 
the full-wave rectifier 2 are held in an electrically con- 
ductive state, the negative side input line N of the full- 25 
wave rectifier 2 shows the ground potential. Then, if the 
pnp-type transistor Tr2 is turned on, no noise compen- 
sation current i flows from the noise reduction circuit 
and noise becomes uncontrollable because the nega- 
tive side input tine N and the ground show no potential 30 
difference. 

[0025] This problem arises also in the arrangement of 
FIG. 5 where a total of n sets A1 through An, each com- 
prising a power converter of a full-wave rectifier 2 and a 
inverter 3 and an electric motor 4, are connected in 35 
series. In FIG. 5, only the set A1 is illustrated in detail 
because all the sets A1 through An are identical. The 
power conversion system of FIG. 5 is provided with 
noise reduction circuits as shown in FIG. 6 arranged for 
the respective power converters. However, the arrange- 40 
ment of FIG. 6 is not free from the problem of uncontrol- 
I ability. 

[0026] Additionally, the power conversion system of 
FIG. 6 has as many noise reduction circuits as the 
number of power converters to make it less adapted to 45 
down-sizing. 

[0027] Therefore, it is an object of the present inven- 
tion to provide a power conversion system that can keep 
its potential to a constant level relative to the ground 
potential to improve the controllability of the noise com- so 
pensation current. 

[0028] Another object of the present invention is to 
provide a power conversion system comprising a plural- 
ity of power converters that can reduce the noise by 
means of a common noise reduction circuit the power 55 
converters are connected in series and, therefore 
adapted to down-sizing. 

[0029] According to the invention, the above objects 



and other objects are achieved by providing a power 
conversion system comprising: 

an AC power source; 

a power converter for converting an AC power sup- 
plied from the AC power source into an AC power 
with a selected frequency in order to individually 
drive an electric motor; and 
a noise reduction circuit for detecting the leakage 
current from the supply line of the AC power source, 
if any, and flowing a noise compensation current to 
the supply line of the AC power source; 
the noise reduction circuit having: 
an insulating transformer having its primary side 
connected between the AC power source and the 
power converter; 

a rectifying circuit connected to the secondary side 
of the insulating transformer; 
positive side and negative side capacitors con- 
nected in series between the positive output line 
and the negative side output line of the rectifying 
circuit; 

a connection means for connecting the serial con- 
nection point between the positive side and nega- 
tive side capacitors to a grounded common AC 
input line arranged upstream relative to the power 
converter; 

a positive side switching device having one of its 
end connected to the positive output line; 
a negative side switching device having one of its 
ends connected to the negative side output line and 
having an ON/OFF characteristic opposite to that of 
the positive side switching device; 
a coupling capacitor arranged between the other 
ends of the positive side and negative side switch- 
ing devices and the ground; and 
a switching control means for amplifying the leak- 
age current detection signal and applying the 
obtained amplified signal to the control inputs of the 
positive side and negative side switching devices. 

[0030] With the above arrangement of the present 
invention, while a rectified DC voltage is applied to the 
positive output line and the negative side output line of 
the rectifying circuit, the intermediary DC connection 
point between the positive side capacitor and the nega- 
tive side capacitor is held to the ground potential to 
divide the DC voltage. 

[0031 ] Therefore, the positive side output line can con- 
stantly supply a positive constant voltage relative to the 
ground potential, while the negative side output line can 
constantly supply a negative constant voltage relative to 
the ground potential. Thus, a power conversion system 
according to the invention shows . a remarkably 
improved controllability for the noise compensation cur- 
rent because the above supplied voltages can be held 
to a constant level relative to the ground potential. 
[0032] Additionally, when the positive side and the 
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negative side switching devices are turned on and off 
respectively under the control of trie switching control 
means, a noise compensation current is made to flow to 
the grounded common AC input line of the power con- 
verter by way of the coupling capacitor, the positive side 
output line and the positive capacitor or the coupling 
capacitor, the negative side output line and the negative 
side capacitor. Therefore, the leakage current that is a 
noise current Can be effectively cancelled and the noise 
can be reliably reduced without difficulty. 
[0033] A power conversion system according to the 
invention and having the above described configuration 
may be modified to have a plurality of power converters 
connected in parallel. Then, the operation of extracting 
an AC voltage of the insulating transformer and that of 
flowing in/out a noise compensation current i of the 
noise reduction circuit are conducted relative to the 
common AC input line. Then, the connection points of 
the noise reduction circuit are excluded from the power 
converters and collectively arranged to the upstream 
thereof so that this arrangement provides an advantage 
of commonly using the noise reduction circuit in addition 
to the above identified noise reduction effect. In other 
words, the noise of driving the system can be reduced 
by means of a common noise reduction circuit to a great 
advantage of down-sizing the system. 
[0034] The AC power source may have multi-phase 
power source sections and one of the multi-phase 
power source sections may be grounded. 
[0035] For the purpose of the invention, the AC power 
source may be replaced by a star-connected AC power 
source having a grounded neutral point and three 
capacitors of the star-connection, each having one of its 
ends connected to the related 3-phase AC input line 
between the leakage current detector and the full-wave 
rectifier and the other end commonly connected to the 
neutral point. Then, the neutral point of the three capac- 
itors is connected to the serial connection point of the 
positive side and negative side capacitors of the noise 
reduction circuit. Then, the neutral point of the star-con- 
nected capacitors is made to operate as virtual ground- 
ing point relative to the neutral point that is the 
grounding connection point of the star-connected AC 
power source. 

[0036] With this arrangement, the voltage relative to 
the virtual grounding potential (the voltage relative to a 
potential of the virtual grounding point) can always be 
held to a constant level and the connection points of the 
noise reduction circuit are collectively arranged to the 
upstream of each of the power converters so that this 
arrangement provides an advantage of commonly using 
the noise reduction circuit for reducing the noise of driv- 
ing the system if a plurality of power converters are con- 
nected in series to a great advantage of down-sizing the 
system. 

[0037] Additionally, the controllability of the noise 
compensation current can be improved due to the 
advantage that the voltage relative to the virtual ground- 



ing potential can always be held to a constant level. Still 
additionally, the noise compensation current is made to 
flow to the AC input line by way of the neutral point of the 
capacitors of the star-connection exactly in a manner as 

5 described above. Therefore, the leakage current that is 
a noise current can be effectively cancelled and the 
noise can be reliably reduced without difficulty. 
[0038] A power conversion system according to the 
invention may additionally comprise a leakage current 

w detector arranged closer to the AC power source than 
the connection point of the connection means (or the 
capacitors of the star-connection) and the AC input line 
and adapted to equivalents detect the leakage current, 
if any, and input the obtained detection signal to the 

is switch control means. 

[0039] Then, since the leakage current detector is 
arranged closer to the AC power source than the con- 
nection point of the connection means (or the capacitors 
of the star-connection) and the AC input line, the leak- 

20 age current, if any. is detected independently from the 
noise compensation current flowing to and from the 
connection point to further improve the reliability of 
operation. 

[0040] Each of the positive side and the negative side 
25 switching devices may be made to have a plurality of 
switching elements which are electrically connected in 
parallel. If such is the case, since the both of the positive 
side and negative side switching elements that are elec- 
trically connected in parallel give rise to a large current 
30 capacity, the noise compensation current can be made 
large enough to satisfactorily cancel the leakage current 
if the latter shows a large value. 
[0041 ] This summary of the invention does not neces- 
sarily describe all necessary features so that the inven- 
35 tion may also be a sub-combination of these described 
features. 

[0042] The invention can be more fully understood 
from the following detailed description when taken in 
conjunction with the accompanying drawings, in which: 

40 

FIGS. 1 and 2 are schematic circuit diagrams of a 
known power conversion system and the peripheral 
arrangement; 

FIGS. 3 and 4 are schematic illustrations of the 
45 noise reducing operation of the known system of 
FIG. 2; 

FIGS. 5 and 6 are schematic circuit diagrams of 
another known power conversion system and the 
peripheral arrangement; 

so FIG. 7 is a schematic circuit diagram of a first 
embodiment of power conversion system according 
to the invention and the peripheral arrangement; 
FIGS. 8 and 9 are schematic illustrations of the 
noise reducing operation of the first embodiment; 

55 FIGS. 10A and 10B are waveforms illustrating the 
effect of the first embodiment; 
FIG. 11 is a schematic circuit diagram of a power 
conversion system obtained by modifying the first 
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embodiment; 

FIG. 12 is a schematic circuit diagram of a second 
embodiment of power conversion system according 
to the invention and the peripheral arrangement; 
FIG. 13 is a schematic circuit diagram of a power 5 
conversion system obtained by modifying the sec- 
ond embodiment; 

FIG. 14 is a schematic circuit diagram of a third 
embodiment of power conversion system according 
to the invention and the peripheral arrangement; 
FIGS. 1 5 through 1 7 are schematic circuit diagrams 
of power conversion systems obtained by modifying 
the third embodiment; and 

FIG. 18 is a schematic circuit diagram of a fourth 
embodiment of power conversion system according 
to the invention and the peripheral arrangement. 

[0043] Now, the present invention will be described in 
greater detail by referring to the accompanying draw- 
ings that illustrate preferred embodiments. 

(1st Embodiment) 

[0044] FIG. 7 is a schematic circuit diagram of a first 
embodiment of power conversion system according to 
the invention and the peripheral arrangement. In FIG. 7, 
the components same as or similar to those of FIG. 2 
are denoted respectively by the same reference sym- 
bols and will not be described any further. Same is true 
for the other embodiments. Therefore, only the sub- 
stance of the present invention will be described herein- 
after. 

[0045] This embodiment is designed to improve the 
controllability of a noise compensation current. More 
specifically, it comprises a noise reduction circuit 8 
obtained by improving the known noise reduction circuit 
6. The noise reduction circuit comprises an insulating 
transformer 9 and a rectifying circuit 10 for producing a 
potential difference between the collector of each of the 
transistors Trl, Tr2 and the ground and capacitors Cp, 
Cn for flowing a noise compensation current i to and 
from the input grounding terminal of full -wave rectifier 2 
depending on the on/off condition of the respective tran- 
sistors Tr1 , Tr2. 

[0046] The insulating transformer 9 has its primary 
side connected to the supply line passing through the 
leakage current detector 5 and its secondary side con- 
nected to the rectifying circuit 10. 
[0047] The rectifying circuit 10 operates for full-wave 
rectifying the output AC voltage of the secondary side of 
the insulating transformer 9 and supplying the obtained 
DC voltage to the npn-type transistor Tr1 and the pnp- 
type transistor Tr2 arranged between the positive side 
output line P1 and the negative side output line N1. 
More specifically, the rectifying circuit 10 has the posi- 
tive side output line P1 connected to one of the opposite 
ends of the capacitor Cp and the collector of the npn- 
type transistor Tr1 and the negative side output line N1 



connected to one of the opposite ends of the capacitor 
Cn and the collector of the pnp-type transistor Tr2. 
[0048] To be more accurate, the positive side output 
line P1 of the rectifying circuit 10 is connected to the 
negative side output line N1 by way of the capacitors Cp 
and Cn having a same capacitance. The serial connec- 
tion point (neutral point) 1 1 of the capacitors Cp and Cn 
is connected to the input grounding terminal of the full- 
wave rectifier 2 by way of the connection line 11a. 
[0049] The power conversion system having the 
above described configuration operates in a manner as 
described below for noise reduction. 
[0050] A DC voltage rectified for the full-wave is 
applied to the positive side output line P1 and the nega- 
tive side output line N1 of the rectifying circuit 10 and 
the DC voltage is divided by the two capacitors Cp and 
Cn with the intermediary connection point 1 1 held to the 
ground potential. 

[0051 ] As a result, the positive side output line P1 can 
always supply a positive voltage that is held to a con- 
stant level relative to the ground potential. Similarly, the 
negative side output line N1 can always supply a nega- 
tive voltage that is held to a constant level relative to the 
ground potential. Thus, unlike the prior art, it is always 
possible to control the noise compensation current i. 
[0052] To describe more accurately, in the noise 
reduction circuit 8, the transistors Tr1 , Tr2 are turned on 
and off inversely relative to each other when they 
receives an output signal from the amplifier 9 at their 
bases to connect either the positive side output line P1 
or the negative side output line N1 to the ground by way 
of the coupling capacitor C1 . 

[0053] For instance, if a leakage current 11 flows into 
the grounding line of the AC power source 1 from the 
electric motor 4, the noise reduction circuit 8 turns on 
only the pnp-type transistor Tr2 as shown in FIG. 8. 
[0054] Thus, the noise compensation current i flows 
into the input grounding terminal of the full-wave rectifier 
2 through the coupling capacitor C1 , the pnp-type tran- 
sistor Tr2, the negative side output line Nl and the 
capacitor Cn. 

[0055] Therefore, the leakage current 11 is cancelled 
by the noise compensation current i flowing into the 
grounding line of the AC power source 1 . 
[0056] If, on the other hand, a leakage current 11 flows 
into the electric motor 4 from the grounding line of the 
AC power source 1 , the noise reduction circuit 8 turns 
on only the npn-type transistor Tr1 as shown in FIG. 9. 
[0057] Thus, the noise compensation current i flows 
into the grounding line from the input grounding terminal 
of the full -wave rectifier 2 through the capacitor Cp, the 
positive side output line P1. the npn-type transistor Tr1 
and the coupling capacitor C1 . 

[0058] Therefore, the leakage current 11 is cancelled 
by the noise compensation current i flowing into the 
grounding line of the AC power source 1. 
[0059] This effect of cancelling the leakage current 11 
will be described by referring to the waveforms of FIGS. 
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10A and 10B, which represent a detection signal that 
can be output from the leakage current detector 5 when 
the electric motor 4 that is of the 100 kW class is driven. 
FIG. 1 0A shows a waveform that can be observed when 
the. noise compensation current 8 is not in operation, 
whereas FIG. 10B shows a waveform that can be 
observed when the noise reduction circuit 8 is in opera- 
tion. The vertical axis of each of FIGS. 10A and 10B 
represents an electric current of 5A per division and the 
horizontal axis represents a time of 20 \is per division. 
[0060] In this embodiment, it will be seen that the level 
of the detection signal for the leakage current 11 is sig- 
nificantly reduced in FIG. 10B if compared with its coun- 
terpart in FIG. 10A. In other words, the embodiment 
provides the advantage that it can significantly reduce 
the leakage current 11 as evidenced by the waveforms 
of FIGS. 10A and 10B. 

[0061 ] With regard to this advantage, assume that this 
embodiment of power conversion system is installed to 
drive the electric motor of an elevator in a building. If the 
system does not comprise the noise reduction circuit 8, 
a I akage current 1 1 as shown in FIG. 1 0A will appear to 
disturb the entire grounding potential of the building. 
Then, all the electronic appliances in the building (e.g., 
card readers, automatic doors and automatic toilet flush 
system) can give rise to operation errors and nose can 
significantly appear on the display screen of the moni- 
tors in the building. 

[0062] However, if the noise reduction circuit 8 of the 
embodiment is in place, the leakage current 11 is 
remarkably reduced as shown in FIG. 10B so that oper- 
ation errors and appearance of noise can be effectively 
avoided. Additionally, since the embodiment can collec- 
tively reduce fluctuations of the ground potential of the 
entire building, it is no longer necessary to provide each 
of the electronic devices with an anti-error-operation 
measure in the building. 

[0063] On the other hand, fluctuations of the ground 
potential of the entire building may conceivably be 
reduced by a conventional technique if the AC power 
source and the power converters are electrically insu- 
lated from each other by means of an insulating trans- 
former. However, with such an arrangement, the 
capacity of the insulating transformer is raised and the 
space necessary for installing the insulating transformer 
is inevitably increased as a function of the capacity of 
the power converters. 

[0064] To the contrary, the above embodiment is free 
from such a problem because it requires only a noise 
reduction circuit 8 that is a small capacity amplifier cir- 
cuit to be arranged on a printed circuit board that takes 
only a small space. 

[0065] As described above, with this embodiment, 
while a rectified DC voltage is applied to the positive 
side output line P1 and the negative side output One N1 
of the rectifying circuit 10, the DC voltage is divided by 
the two capacitors Cp and Cn with the intermediary con- 
nection point 1 1 held to the ground potential so that the 
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positive side output line P1 can always supply a positive 
voltage that is held to a constant level relative to the 
ground potential whereas the negative side output line 
N1 can always supply a negative voltage that is held to 
5 a constant level relative to the ground potential. Thus, a 
power conversion system according to the invention 
shows a remarkably improved controllability for the 
noise compensation current if compared with the prior 
art because the above supplied voltages can be held to 

10 a constant level relative to the ground potential. 

[0066] Additionally, as the transistors Tr 1 , Tr2 are con- 
trolled for on/off operations by the amplifier 7, the noise, 
compensation current i flows through the noise reduc- 
tion circuit 8 between the input grounding terminal of the 

is full-wave rectifier 2 and the ground to cancel the leak- 
age current 11 that is a noise current and reliable reduce 
the noise level without difficulty. 
[0067] Still additionally, the insulating transformer 9 
insulates between the output lines P1, N1 of the noise 

20 reduction circuit 8 and the input lines P, N of the inverter 
3. Thus, unlike the prior art, the noise reduction circuit 8 
can flow a noise compensation current i if the elements 
D3. D4 (or D6, D1) of the rectifying circuit 3 are held in 
an electrically conductive state relative to each other. 

25 [0068] Further more, because of the interposition of 
the insulating transformer 9. the electric potential rela- 
tive to the ground can be selected without taking the 
voltage applied to the inverter 3 and the capacitance 
thereof. Thus, the elements of the embodiment are not 

30 required to show a high withstand voltage and hence 
commercially available current control elements such as 
npn-type transistors and pnp transistors may be used 
for the purpose of the invention. Such current control 
elements can be used to control a large noise compen- 

35 sation current i by means of a small signal output from 
the amplifier 7. In other words, the current control ele- 
ments of this embodiment operate to provide a function 
equivalent to that of a linear high frequency amplifier 
adapted to control a large output power by means of a 

40 small signal. Thus, the embodiment is used to realize a 
small and inexpensive noise reducer having a simple 
configuration and a high speed control capability. 
[0069] With the embodiment flows the noise compen- 
sation current i for cancelling the leakage current 11 at 

45 the side of the full-wave rectifier 2 rather than at the side 
of the leakage current detector 5 in order not to interfere 
with the leakage current detecting operation of the leak- 
age current detector 5. 

[0070] In other words, because the leakage current 
so detector 5 is arranged close to the AC power source 1 
relative to the serial connection point 1 1 of the AC input 
line of the full-wave rectifier 2. the leakage current, if 
any, can be detected independently from the flow of the 
noise compensation current i in the AC input line of the 
55 full-wave rectifier 2 to improve the reliability of operation. 
[0071 ] Note that the fixed resistor connected in paral- 
lel to the amplifier 7 may be replaced by a variable resis- 
tor connected in parallel thereto in order to made the 
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amplification gain of amplifier adjustable. This mod if la- 
bility is applicable to all the embodiments that will be 
described hereinafter. 

[0072] As shown in FIG. 1 1 , the embodiment may be 
so modified as to comprise a plurality of power convert- 
ers connected in parallel. Then, the operation of extract- 
ing an AC voltage of the insulating transformer 9 and 
that of flowing in/out a noise reduction circuit i of the 
noise reduction circuit are conducted relative to the 
common AC input line. Then, the connection points of 
the noise reduction circuit are excluded from the power 
converters and collectively arranged to the upstream 
thereof so that this arrangement provides an advantage 
of commonly using the noise reduction circuit in addition 
to the above identified noise reduction effect, in other 
words, the noise of driving the system can be reduced 
by means of a common noise reduction circuit to a great 
advantage of down-sizing the system. 

(2nd Embodiment) 

[0073] FIG. 1 2 is a schematic circuit diagram of a sec- 
ond embodiment of power conversion system according 
to the invention and the peripheral arrangement. 
[0074] This embodiment is realized by modifying the 
first embodiment so as to make it adapted to control a 
large noise compensation current i in order to compen- 
sate a large leakage current 11 . More specifically, in the 
noise reduction circuit 8a of this embodiment, the 
number of component series circuits, each comprising 
an npn-type transistor Tr1 and a npn-type transistor Tr2, 
is increased and the series circuits are electrically con- 
nected in parallel. Note that the number of the series cir- 
cuit that are connected in parallel is proportional to the 
leakage current and may be selected appropriately 
depending on the situation. 

[0075] With the above arrangement, again, since the 
parallel circuits of a plurality of npn-type transistors Tr1 
through Trn and the parallel circuits of a plurality of pnp- 
type transistors Tr2 through transmitter show a large 
current capacity, a large noise compensation current i 
sufficient to cancel a large leakage current 11 can be 
made to flow. 

[0076] Note that the electric current that can be made 
to flow to each of the transistors Tr1 , Tr2 is limited by the 
rated current of each of the transistors Tr1 , Tr2. How- 
ever, current control elements such as transistors capa- 
ble of controlling a high frequency are generally 
adapted only to a low voltage and a low current capac- 
ity. If current control elements adapted to a high voltage 
and a high current capacity are prepared, they will find 
only limited applications and hence can be manufac- 
tured only at high cost. 

[0077] However, with this embodiment of the invention 
where a desired level of voltage can be selected by 
means of the insulating transformer 9, the transistors 
Trl , Tr2 can be connected in parallel to increase the cur- 
rent capacity regardless of the voltage. 



[0078] This embodiment can be modified to comprise 
a plurality of power converters. that are connected in 
parallel. Then, the modified embodiment can also be- 
down-sized by using a common noise reduction circuit. 

5 

(3rd Embodiment) 

[0079] A power conversion system according to the 
invention may be applied to an AC power source having 
w a star-connection. Firstly, the technological background 
of such an arrangement will be discussed below. 
[0080] If the first embodiment is simply applied to an 
AC power source having a star-connection, there arises 
a problem that a noise compensation current i for can- 
ts celling noise cannot be made to flow because the neu- 
tral point of the star-connection is grounded and the AC 
power source having a star-connection does not have 
any supply tine having a grounding line. On the other 
hand, a 3-phase 4-line type power source is required to 
20 return the leakage current flowing to the power source 
grounding terminal back to the neutral point and com- 
pensate the leakage current. 

[0081 ] Thus, there arises a problem that a cost of sys- 
tems will be increase because using a 4-line type wiring 

25 or NFB(negative feedback). 

[0082] This embodiment is designed to solve the 
above problem. To explain the design concept underly- 
ing the embodiment, a simple arrangement of combin- 
ing a power converter and an electric motor 4 will be 

30 discussed first by referring to FIG. 14 and then the argu- 
ment will be applied to a power conversion system com- 
prising a plurality of combinations of a power converter 
and an electric motor 4. 

[0083] FIG. 1 4 is a schematic circuit diagram of a third 
35 embodiment of power conversion system according to 
the invention and the peripheral arrangement. 
[0084] As shown, the AC power source 1 of the pre- 
ceding embodiments is replaced by an AC power 
source la having a star-connection with its neutral point 
40 12 grounded and three capacitors C2 through C4 of the 
star-connection, each having one of its end connected 
independently to the corresponding one of the 3-phase 
AC input lines between the leakage current detector 5 
and the full-wave rectifier 2 and the other end connected 
45 to the neutral point Pi. The neutral point P1 of the 
capacitors C2 through C4 is connected to the series 
contact point 1 1 of the capacitors Cp, Cn in the noise 
reduction circuit 8b. 

[0085] With the above arrangement, the three capac- 
so itors C2 through C4 connected equivalently relative to 
the AC power source 1a having a star-connection are 
then connected to the 3-phase AC input line. Note that 
the neutral point Pi of the star-connected capacitors C2 
through C4 is a virtual grounding point that corresponds 
55 to the neutral point 12 that is the grounding connection 
point of the star-connected AC power source 1a. 
[0086] Then, the series connection point 1 1 of the 
capacitors Cp, Cn of the noise reduction circuit 8b is 
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connected to the virtual grounding point by way of the 
connection line 11b. Thus, while a DC voltage rectified 
for the full-wave is applied to the positive side output line 
P1 and the negative side output line N1 of the rectifying 
circuit 10, the DC voltage is divided with the intermedi- 
ary series connection point 1 1 held to the potential of 
the virtual grounding point (neutral point Pi) by the two 
capacitors Gp, Cn. 

[0087] Thus, as in the case of the preceding embodi- 
ments, that it is possfole to always the positive side out- 
put line Pi can always supply a positive voltage that is 
held to a constant level relative to the potential of the vir- 
tual grounding point whereas the negative side output 
lin N1 can always supply a negative voltage that is held 
to a constant level relative to the potential of the virtual 
grounding so keep the noise compensation current i 
under control. 

[0088] More specifically, the noise compensation cur- 
rent i flows into or out from the AC input line by way of 
the series connection point 1 1 of the capacitors Cp, Cn 
of the noise reduction circuit 8b and the neutral point 
present invention of the star-connected three capacitors 
C2 through C4 depending on the on/off states of the 
transistors Tr1, Tr2. Therefore, the leakage current 11 is 
effectively cancelled as any of the preceding embodi- 
ments. 

[0089] As described above, the third embodiments 
provides an effect similar to that of the first embodiment 
for a star-connected AC power source 1a as star-con- 
nected three capacitors C2 through C4 are arranged on 
the 3-phase AC input line and the neutral point P1 of the 
capacitors C2 through 3 is connected as virtual ground- 
ing point to the series connection point 1 1 of the capac- 
itors Cp, Cn of the noise reduction circuit 8b. 
[0090] This embodiment can be modified by increas- 
ing the component series DC circuits of two transistors 
Tr1 , Tr2 that are connected in parallel with each other to 
control a large noise compensation current i as in the 
case of the second embodiment, as shown in FIG. 15. 
Alternatively, the third embodiment can also be modified 
in such a way that a plurality of inverters are connected 
in parallel as in the case of the second embodiment, as 
shown in FIGS. 16 and 17. 

(4th Embodiment) 

[0091] FIG. 18 is a schematic circuit diagram of a forth 
embodiment of power conversion system according to 
the invention and the peripheral arrangement. 
[0092] This embodiment is realized by modifying the 
third embodiment and the concept underlying the third 
embodiment is applied to all the AC power sources hav- 
ing respective grounding points that are not connected 
to the supply line. 

[0093] More specifically, the AC power source 1a is 
replaced by a 3-phase delta-connected AC power 
source 1b that is grounded at the neutral point 13 of two 
phases and four delta-connected capacitors C5 through 



C8 connected to the 3-phase AC input line between the 
leakage current detector 5 and the full -wave rectifier 2 
equivalent^ relative to the AC power source 1b. With 
this arrangement, the neutral point Pa of the capacitors 

s is the connection point of C5 and C6 arranged equiva- 
lency relative to the grounding terminal of the AC power 
source 1b. which is connected to the series connection 
point 1 1 in the noise reduction circuit 8d by way of the 
connection line 11c as in the case of the preceding 

70 embodiment. 

[0094] With the above arrangement, four capacitors 
C5 through C8 that are delta-connected equivalency 
relative to the AC power source 1b having four delta- 
connected AC power source sections are connected to 

is the 3-phase AC input line. The neutral point Pa of the 
delta-connected capacitors C5 through C8 operate as 
virtual grounding point that corresponds to the neutral 
point 13 between two power source sections that is the 
ground connection point of the delta-connected AC 

so power source 1b. 

[0095] The serial connection point 1 1 of the capacitors 
Cp and Cn in the noise reduction circuit 8d is connected 
to the virtual grounding point (Pa). 
[0096] Thus, the above arrangement of 3-phase derta- 

25 connected AC power source 1b grounded at the neutral 
point 13 of two phases also provides the advantage of 
the third embodiment. 

[0097] The arrangement of this embodiment of (1) 
providing a plurality of capadtors C5 through C8 con- 

30 nected equivalent^ relative to the AC power source lb 
and (2) connecting the neutrat point Pa of the capacitors 
C5 through C8 (virtual grounding point corresponding to 
the grounding connection point of the AC power source 
1b) to the series connection point 11 of the capacitors 

35 Cp, connection of the noise reduction circuit 8d can be 
applied not only to the AC power source la of the third 
embodiment or the AC power source 1b of the fourth 
embodiment but also to any AC power source having a 
grounding terminal not connected to the supply line. 

40 [0098] Additionally, while not specifically illustrated, 
this embodiment may be modified so as to have a plu- 
rality of DC component circuits of Tr1. Tr2 as shown in 
FIG. 15, a plurality of inverters 3 connected in parallel 
as shown in FIG. 16 or both of them as shown in FIG. 17 

45 to provide a similar advantage. 

(Other Embodiments) 

[0099] While each of the above embodiment corn- 
so prises one or more than one npn-type transistors Tr1 
and one or more than one pnp-type transistors Tr2 oper- 
ating as so many elements for controlling the noise 
compensation current i, the transistors Tr1 , Tr2 may be 
replaced by other elements for controlling an electric 
55 current that meet the requirements of having a high 
withstand voltage and operating at a high frequency to 
produce a high current amplifying effect to provide the 
above described advantage of the invention. 
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Claims 

1 . A power conversion system characterized by com* 
prising: 

5 

an AC power source (1); 
a power converter (2, 3) for converting an AC 
power supplied from said AC power source into 
an AC power with a selected frequency in order 
to individually drive an electric motor (4) ; and io 
a noise reduction circuit (8) for detecting a leak- 
age current from a supply line of said AC power 
source, if any, and flowing a noise compensa- 
tion current to said supply line of said AC power 
source; is 
said noise reduction circuit having: 
an insulating transformer (9) having its primary 
side connected between said AC power source 
and said power converter; 

a rectifying circuit (10) connected to a second- 20 
ary side of said insulating transformer; 
positive side and negative side capacitors (Cp, 
Cn) connected in series between a positive 
output line (P1) and a negative side output line 
(N 1 ) of said rectifying circuit; 25 
a connection means (11a) for connecting a 
serial connection point between said positive 
side and negative side capacitors to a 
grounded common AC input line arranged 
upstream relative to said power converter; 30 
a positive side switching device (Tr1) having 
one of its end connected to said positive output 
line; 

a negative side switching device (Tr2) having 
one of its ends connected to said negative side 35 
output line and having an ON/OFF characteris- 
tic opposite to that of said positive side switch- 
ing device; 

a coupling capacitor (C1) arranged between 
the other ends of said positive side and nega- 40 
tive side switching devices and the ground; and 
a switching control means (7) for amplifying a 
detection signal of said leakage current and 
applying an obtained amplified signal to the 
control inputs of said positive side and negative 45 
side switching devices. 

2. A power conversion system according to claim 1 , 
characterized by further comprising: 

so 

a leakage current detector (5) arranged closer 
to said AC power source than a connection 
point of said connection means and said AC 
input line and adapted to equivalerrtly detect 
said leakage current, if any, and input said ss 
obtained detection signal to said switch control 
means. 



3. A power conversion system according to claim 1 or 
2, characterized in that 

said AC power source has multi-phase power 
source sections and one of the multi-phase 
power source sections is grounded. 

4. A power conversion system according to one of 
claims 1 -3, characterized in that 

each of the positive side and the negative side 
switching devices have a plurality of switching 
elements (Tn through Trn, Tr2 through Trm) 
electrically connected in parallel. 

5. A power conversion system characterized by com- 
prising: 

a common AC power source (1); 
a plurality of power converters (2, 3) for con- 
verting an AC power supplied from said com- 
mon AC power source into an AC power with a 
selected frequency in order to individually drive 
an electric motor (4); and 
a noise reduction circuit (8) for detecting a leak- 
age current from a supply line of said common 
AC power source, if any, and flowing a noise 
compensation current to said supply line of 
said common AC power source; 
said noise reduction circuit having: 
an insulating transformer (9) having its primary 
side connected between said common AC 
power source and said power converters; 
a rectifying circuit (10) connected to a second- 
ary side of said insulating transformer; 
positive side and negative side capacitors (Cp, 
Cn) connected in series between a positive 
output line (P1) and a negative side output line 
(Nl) of said rectifying circuit; 
a connection means (11a) for connecting a 
serial connection point between said positive 
side and negative side capacitors to a 
grounded common AC input line arranged 
upstream relative to said power converters; 
a positive side switching device (Tr1) having 
one of its end connected to said positive output 
line; 

a negative side switching device (Tr2) having 
one of its ends connected to said negative side 
output line and having an ON/OFF characteris- 
tic opposite to that of said positive side switch- 
ing device; 

a coupling capacitor (C1) arranged between 
the other ends of said positive side and nega- 
tive side switching devices and the ground; and 
a switching control means (7) for amplifying a 
detection signal of said leakage current and 
applying an obtained amplified signal to the 
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control inputs of said positive side and negative 
side switching devices. 

6. A power conversion system according to claim 5. 
characterized by further comprising: s 

a leakage current detector (5) arranged closer 
to said common AC power source than a con- 
nection point of said connection means and 
said AC input line and adapted to equivalents io 
detect said leakage current if any, and input 
said obtained detection signal to said switch 
control means. 

7. A power conversion system according to claim 5 or is 
6. characterized in that 

said common AC power source has multi- 
phase power source sections and one of the 
murti -phase power source sections is 20 
grounded. 

8. A power conversion system according to one of 
claims 5-7, characterized in that 

25 

each of the positive side and the negative side 
switching devices have a plurality of switching 
elements (Tr1 through Trn, Tr2 through Trm) 
electrically connected in parallel. 

30 

9. A power conversion system characterized by com- 
prising: 

a star-connected AC power source (1a) having 
a grounded neutral point; 35 
a power converter (2, 3) for converting an AC 
power supplied from said AC power source into 
an AC power with a selected frequency in order 
to individually drive an electric motor (4); and 
a noise reduction circuit (8) for detecting a leak- 40 
age current from a supply line of said AC power 
source, if any, and flowing a noise compensa- 
tion current to said supply line of said AC power 
source; 

said noise reduction circuit having: 45 
an insulating transformer (9) having its primary 
side connected between said AC power source 
and said power converter; 
a rectifying circuit (10) connected to a second- 
ary side of said insulating transformer; so 
positive side and negative side capacitors (Cp, 
Cn) connected in series between a positive 
output line (PI ) and a negative side output line 
(N1) of said rectifying circuit; 
capacitors (C2 through C4) for star-connection, ss 
each having one of its ends connected inde- 
pendently to said AC input line ananged 
upstream relative to said power converter and 



the other end connected to a common neutral 
point (Pi); 

a connection means (11b) for connecting said 
neutral point of said capacitors for star-connec- 
tion to the serial connection point (11) between 
said positive side and negative side capacitors 
to a grounded common AC input line arranged 
upstream relative to said power converters; 
a positive side switching device (Trl) having 
one of its end connected to said positive output 
line; 

a negative side switching device (Tr2) having 
one of its ends connected to said negative side 
output line and having an ON/OFF characteris- 
tic opposite to that of said positive side switch- 
ing device; 

a coupling capacitor (C1) arranged between 
the other ends of said positive side and nega- 
tive side switching devices and the ground; and 
a switching control means (7) for amplifying a 
detection signal of said leakage current and 
applying an obtained amplified signal to the 
control inputs of said positive side and negative 
side switching devices. 

10. A power conversion system according to claim 9, 
characterized by further comprising: 

a leakage current detector (5) arranged closer 
to said AC power source than a connection 
point of said connection means and said AC 
input line and adapted to equivalents detect 
said leakage current, if any, and input said 
obtained detection signal to said switch control 
means. 

11. A power conversion system according to claim 9 or 
10, characterized in that 

said AC power source has multi-phase power 
source sections and one of the multi-phase 
power source sections is grounded. 

12. A power conversion system according to one of 
claims 9-11, characterized in that 

each of the positive side and the negative side 
switching devices have a plurality of switching 
elements (Tr1 through Trn, Tr2 through Trm) 
electrically connected in parallel. 
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ground potential. Similarly, the negative side output line 
(N1 ) can always supply a negative voltage that is held to 
a constant level relative to the ground potential. Addi- 
tionally, as the transistors (Tr1 , Tr2) are controlled for 
on/off operations by the amplifier (7), the noise compen- 
sation current (i) flows through the noise reduction cir- 
cuit (8) between the input grounding terminal of the full- 
wave rectifier (2) and the ground. 
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